I INTRODUCTION
The l o c a t i o n o f an alloying addition i n an ordered l a t t i c e is an important parameter i n a l l o y development.
The s i t e l o c a t i o n of these additions can be determined by e i t h e r atom probe field-ion microscopy (APFIM) [ I ] or i n t h e a n a l y t i c a l e l e c t r o n microscope (AEM) by zone a x i s e l e c t r o n channeling microanalysis [2] , which is a n extension o f t h e ALCHEMI method [3] .
Both these techniques have t h e advantage t h a t p o l y c r y s t a l l i n e specimens can be used and s i n c e the ordered matrix can be s e l e c t e d f o r a n a l y s i s they a r e not a f f e c t e d by any o t h e r phases t h a t might be prese'nt i n t h e microstructure. This is i n c o n t r a s t t o t h e s i n g l e c r y s t a l specimens required by t h e more conventional X-ray d i f f r a c t i o n and ion channeling techniques.
The APFIM and AEM techniques a r e a l s o capable o f quantifying the s i t e occupation f o r multiple e l e m e n t s s i m u l t a n e o u s l y .
The t e c h n i q u e s r e q u i r e no s p e c i a l equipment o r modificat ions t o e x i s t i n g instruments. The atom probe has the add it ional advantage of being a b l e t o examine materials t h a t are f a r from t h e stoichiometric composition.
I n t h i s paper a comparison of the s i t e preference o f s u b s t i t u t i o n a l e l e m e n t s measured by t h e s e two techniques is presented.
A s e r i e s of n i c k e l aluminides was s e l e c t e d f o r t h e comparison since many d i f f e r e n t elements a r e soluble i n t h e L12 ordered Ni3A1 phase and t h e degree of long range order exhibited by t h i s phase is high. Several s u b s t i t u t i o n a l elements have been added t o t h e Ni3A1 system t o r e f i n e its good p r o p e r t i e s f o r high temperature a p p l i c a t i o n s C41.
Three s u b s t i t u t i o n a l a d d i t i o n s were s e l e c t e d f o r t h i s controlled study because o f t h e i r a n t i c i p a t e d d i f f e r e n t s i t e preference.
I1 EXPERIMENTAL
The compositions o f t h e a l l o y s chosen f o r t h i s i n v e s t i g a t i o n a r e summarized i n Table 
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JOURNAL DE PHYSIQUE s p e c i f i c s i t e i n t h e ordered l a t t i c e .
The a l l o y s were a l l within t h e s o l u b i l i t y l i m i t s o f t h e L12 phase f i e l d i n t h e i r r e s p e c t i v e t e r n a r y phase diagrams. The APFIM a n a l y s e s were conducted on t h e ORNL energy-compensated atom probe [5] .
The e l e c t r o n channeling microanalysis was performed on P h i l i p s EM400T/FEG and EM430T a n a l y t i c a l e l e c t r o n microscopes equipped with EDAX 9100/70 EDS systems.
I11 ATOM PROBE MICROANALYSIS The s i t e occupation o f a s u b s t i t u t i o n a l element is c a l c u l a t e d i n t h e atom probe from t h e preference o f t h a t element between t h e d i f f e r e n t atomic l a y e r s i n t h e ordered s t r u c t u r e .
The optimum planes t o analyze a r e those with t h e l a r g e s t composition d i f f e r e n c e i n successive l a y e r s , i d e a l l y pure A versus pure B, and which have t h e maximum planar d e n s i t y of atoms.
Unfortunately t h e L12 (A3B) s t r u c t u r e does n o t e x h i b i t any planes with an A:B s t a c k i n g sequence.
The 001 planes, which a l t e r n a t e between pure A, and mixed A+B, f u l f i l l t h e above c r i t e r i a i n t h e L12 s t r u c t u r e and were t h e r e f o r e used f o r a l l analyses. The p o s i t i o n of t h e probe a p e r t u r e must be c a r e f u l l y chosen t o prevent a r t i f a c t s . Three p o s s i b l e p o s i t i o n s a r e shown schematically i n f i g u r e 1. The p o s i t i o n of t h e probe a p e r t u r e is chosen t o ensure t h a t a l l atoms from t h e f i r s t l a y e r a r e c o l l e c t e d before any atoms a r e c o l l e c t e d from t h e next plane. P o s i t i o n X f u l f i l l s t h e s e r e q u i r e m e n t s . P o s i t i o n Y is n o t s u i t a b l e a s two p l a n e s w i l l be sampled s i m l t a n e o u s l y . P o s i t i o n Z should not be used because of t h e t r a j e c t o r y a b e r r a t i o n s t h a t have been-observed a t t h e c e n t e r of p o l e s C61. Schematic diagram o f t h e e f f e c t i v e p o s i t i o n of t h e probe a p e r t u r e with r e s p e c t t o t h e pole. I n p o s i t i o n X , a l l atoms from l a y e r 1 a r e c o l l e c t e d before any atoms a r e c o l l e c t e d . f r o m l a y e r 2. P o s i t i o n Y is not used a s two l a y e r s a r e sampled simultaneously. P o s i t i o n Z is not used because of t r a j e c t o r y a b e r r a t i o n s .
The experimental conditions required i n t h i s type of a n a l y s i s a r e more s t r i n g e n t than those normally demanded i n atom probe composition determinations a s shown i n f i g u r e 2.
I n t h i s ladder diagram a comparison is made between an a n a l y s i s from a high index region and an a n a l y s i s on a 001 pole using i d e n t i c a l e x p e r i m e n t a l conditions. I n t h i s type of diagram t h e a r r i v a l of each n i c k e l atom is p l o t t e d a s one h o r i z o n t a l s t e p and t h e a r r i v a l of each aluminum a s one v e r t i c a l s t e p .
It is evident from t h e o v e r a l l s l o p e of t h e curve and from t h e number of atoms c o l l e c t e d i n both t h e mixed and t h e p u r e n i c k e l l a y e r s t h a t n i c k e l atoms a r e b e i n g p r e f e r e n t i a l l y evaporated when the a n a l y s i s is performed on t h e pole, whereas t h e a n a l y s i s i n t h e high index region produces a r e l i a b l e composition. The f a c i l i t y t o view t h e d a t a a s a ladder diagram during the experiment was found t o be invaluable i n s e l e c t i n g s u i t a b l e experimental conditions [5] .
The pulse f r a c t i o n , standing v o l t a g e , and specimen t e m p e r a t u r e were s e l e c t e d t o ensure t h a t t h e r e was no p r e f e r e n t i a l evaporation o r r e t e n t i o n of any element [7] .
P r e f e r e n t i a l r e t e n t i o n can be detected from t h e f i e l d -i o n micrograph a s shown i n t h e 1% hafnium a l l o y , f i g u r e 3. P r e f e r e n t i a l r e t e n t i o n was a l s o observed by t h e non-uniform evaporation o r pinning of planes when inappropriate conditions were employed. I t should a l s o be noted t h a t extremely slow evaporation r a t e s (0.1 t o 0.001 atoms per p u l s e ) were found t o be necessary t o c o l l e c t a l l atoms, e s p e c i a l l y a t t h e end of plane where t h e instantaneous evaporation r a t e is much higher.
A s h o r t s e c t i o n of t h e atom probe data f o r each s u b s t i t u t i o n a l element is shown i n f i g u r e 4. The p o s i t i o n i n t h e evaporation sequence of t h e s u b s t i t u t i o n a l elements is superimposed on these ladder diagrams. I f t h e s o l u t e has a preference f o r t h e aluminum s i t e s , which a r e only present i n the mixed l a y e r s , then t h a t element w i l l be observed i n t h e s e c t i o n s with t h e 45O slope. This is t h e case f o r hafnium. When t h e s u b s t i t u t i o n a l element does not have a strong preference f o r e i t h e r s i t e then t h e element w i l l be observed on both types of layers.
This is t h e case f o r iron. I f the s u b s t i t u t i o n a l element has a preference f o r t h e n i c k e l s i t e s then twice a s much of t h e element w i l l be found on t h e h o r i z o n t a l pure n i c k e l l a y e r s a s on the mixed layers. This is the case f o r cobalt. The s i t e preference is c a l c u l a t e d from t h e number of s u b s t i t u t i o n a l atoms detected on each type of plane taking i n t o account t h e number of n i c k e l and aluminum s i t e s t h a t a r e present i n each plane and t h e a l l o y composition.
Nickel Fig. 2 .
Comparison of ladder diagrams of the 0.5% Hf a l l o y taken on t h e 001 pole and from a high index region under i d e n t i c a l experimental conditions.
The numbers i n t h e i n s e r t i n d i c a t e t h e d i f f e r e n c e i n t h e number of atoms c o l l e c t e d i n each type of layer. Note t h e r e t e n t i o n of Hf t o t h e end of t h e layer. F i g . 3. F i e l d -i o n m i c r o g r a p h showing p r e f e r e n t i a l r e t e n t i o n on 001 pole. Fig. 4 . Ladder diagrams of t h e 001 planes i n t h e . l % H f , 6% Fe and 6% Co a l l o y s . The h o r i z o n t a l s e c t i o n s a r e t h e n i c k e l l a y e r s and t h e s e c t i o n s with t h e 4 5 O s l o p e a r e t h e mixed n i c k e l p l u s aluminum l a y e r s . Arrows i n d i c a t e p o s i t i o n of s u b s t i t u t i o n a l elements. 
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I V ZONE AXIS ELECTRON CHANNELING MICROANALYSIS
Electron channeling microanalysis is a l s o complicated by t h e absence o f any planes i n t h e L12 s t r u c t u r e containing only B atoms. However, c e r t a i n zone axes, including <001> and < I l l > , contain columns of A atoms separated from columns of B atoms. The concentration, CX, of element X on t h e B s i t e s can be shown t o be given by zone where R ( X / A ) = ( N X / N A ) / ( N X / N A ) random , e t c . and N x , N A , and NB a r e t h e c h a r a c t e r i s t i c X-ray i n t e n s i t i e s of e l e m e n t s X. A , and B.
The p r o c e d u r e t o determine t h e s i t e occupation is t h e r e f o r e t o record energy d i s p e r s i v e X-ray s p e c t r a a t two o r i e n t a t i o n s -an a p p r o p r i a t e c h a n n e l i n g zone a x i s and a "randomn non-channeling condition.
An example of t h e zone a x i s e l e c t r o n channeling microanalysis is shown i n f i g u r e 5 f o r t h e 3% hafnium a l l o y .
The r a t i o s of Hf/Ni and A l / N i were both observed t o increase from t h e on-axis condition t o the l o and 5 O deviations from zone a x i s i n d i c a t i n g t h a t hafnium follows t h e aluminum behavior.
Unfortunately, c o r r e c t i o n s f o r ionization d e l o c a l i z a t i o n , which a r e normally ignored [2] , were found t o be necessary.
The A l K / N i K r a t i o s were corrected by comparisons with the N i L / N i K and t h e HfM/HfL r a t i o s which were found t o change dramatically f o r small deviations from t h e zone a x i s , f i g u r e 5.
V DISCUSSION
The q d a n t i f i c a t i o n of t h e r e s u l t s f o r a l l t h r e e s u b s t i t u t i o n a l elements from t h e two techniques is given i n Table 2 . Fig. 5 . Zone a x i s e l e c t r o n channeling microanalysis of t h e 3% Hf a l l o y taken near t h e 111 zone. ( a , b , and c ) a r e energy d i s p e r s i v e X-ray s p e c t r a , a t 100kV, and ( d , e , and f ) a r e t h e corresponding d i f f r a c t i o n conditions. Note t h e change i n i n t e n s i t i e s r e l a t i v e t o N i Kg.
